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Kline, Holcombe, and Eagleman (2004) recently pro-
posed an explanation for the motion reversal illusion—
the rivalry hypothesis—which contrasts with Purves,
Paydarfar, and Andrewss (1996) original snapshot
model. Here we argue that although Kline et al.s
(2004) results challenge the cinematographic analogy,
the new hypothesis can ﬁt a model of quantal processing
of the visual ﬁeld, although at a diﬀerent level than sug-
gested by the snapshot hypothesis.
The wagon wheel illusion (WWI) is observed in cin-
ematography and consists of the apparent reversal of
rotation of propellers or wheels, and occurs as a conse-
quence of the framed nature of ﬁlms. For example, if a
one-blade propeller (or a wheel) is rotating clockwise
with a period T, and the movie is ﬁlmed with a fre-
quency of 3T/4, the ﬁrst frame will catch the blade at
0, the second at 270, the third at 180, and so on;
and thus the propeller may be seen rotating counter-
clockwise. In a similar way, the WWI is produced
when a rotating element is seen under artiﬁcial light be-
cause this illumination is intermittent (with AC power
source), producing frames that act as a sort of strobo-
scopic light. Although this illusion is due to the framed
nature of the stimulus, illusory motion reversals (IMR)
can also appear under a steady illumination condition
such as sunlight (Purves et al., 1996). This ﬁnding
has been used to support the hypothesis that we per-
ceive the world in a discrete way, i.e., by ‘‘perceptual
framings’’ of the visual scene.
Kline et al. (2004) recently challenged this hypothesis
by noting that the illusion is not exactly equal to the ef-
fect seen in movies, and performed a brief series of ele-
gant experiments in which they showed that when two
identical rotating drums are presented, they do not ap-
pear to reverse direction simultaneously. Furthermore,
they observed a trend to display a c distribution on
the perceivers duration of the illusions, which is consis-
tent with a rivalry process. Here, we will discuss some of
these ﬁndings and will propose that they are consistent
with a discrete sampling of perceived objects. Although0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2005.07.023Kline et al.s ﬁndings strongly challenge a global scene-
sampling model, they do acknowledge that evidence is
still consistent with an object-based or attention-depen-
dent sampling model (see also VanRullen, Reddy, &
Koch, 2005).
Kline et al. (2004) performed three experiments.
First, they replicated Purves et al.s (1996) results with
a rotating drum despite recent claims against them
(Pakarian & Yasamy, 2003). In the second experiment,
they created a second rotating image by introducing a
mirror near the drum. Their idea to introduce a sec-
ond image is that ‘‘the snapshot theory predicts that
both drums will appear to reverse simultaneously’’
whereas the rivalry hypothesis predicts that the illu-
sion may appear on both drum images but not at
the same time. Nevertheless, as both drums are on dif-
ferent halves of the visual ﬁeld, it is possible to think
of a snapshot theory where both brain hemispheres
independently sample the scene. To avoid this, they
performed a third experiment in which the drum
and its image were oriented vertically and on the same
visual hemiﬁeld.
In these experiments, the authors reported that ‘‘for
most subjects the distribution of illusory motion rever-
sal (IMR) durations were well ﬁt by a c distribution’’.
This distribution is usually reported as typically related
with binocular rivalry and other multistable perception
phenomena (Leopold & Logothetis, 1999). However,
this phenomenon did not extend to all subjects. Kline
et al.s ﬁndings indicate that the gamma distribution
appears in only 4 of 6 subjects in the ﬁrst experiment,
in 2 of 5 subjects for the horizontal condition (second
experiment) and in 2 of 3 subjects for the vertical con-
dition (third experiment). Moreover, ﬁtness with a c
distribution is not a deﬁnitive evidence for rivalry be-
cause this distribution is neither necessary nor exclusive
of this kind of phenomena (Leopold & Logothetis,
1999). In the second and third experiments, the authors
refuted the snapshot-hypothesis prediction that, with
two rotating objects, simultaneous reversals should oc-
cur 100% of the time. However, 2 of 5 subjects (LCC
and BFI) sporadically saw simultaneous reversals,
and with an occurrence more than 10-fold higher than
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Kline et al. claim that this phenomenon may reﬂect
cooperativity between detectors, which needs to be ad-
dressed in future studies.
Furthermore, the motion perception model used by
Kline et al. to support their hypothesis (which is based
on Reichardt-like motion detectors, RLMD) is also
based on discrete perception. RLMD rely on the analy-
sis of a series of successive temporal windows deﬁned by
the delay between the stimulation of each of two photo-
receptors (or by the delay diﬀerences in transmission
from the photoreceptors to the motion detector; see
Adelson & Bergen, 1985; van Santen & Sperling, 1984,
1985). As discussed by Kline et al., these detectors are
susceptible of temporal aliasing by virtue of their dis-
creteness. In fact, aliasing is an under-sampling process,
in which the sampling frequency cannot accurately
reproduce the original signal. Kline et al. claim that in
these conditions, reverse-direction detectors may be acti-
vated by a spinning object moving in the opposite direc-
tion, thus contributing to the IMR. van Santen and
Sperling (1984, 1985) improved the original model by
Reichardt, by constraining the sampling frequency
range but maintaining its discrete nature. Theoretically,
if the spatial separation and the temporal delay of the
detectors become inﬁnitesimally small, Reichardt detec-
tors can calculate velocity based on the continuous spa-
tiotemporal gradient of an image (Reichardt & Schlo¨gl,
1988). However, this is not the situation proposed in the
model speciﬁed by Kline et al.
The fact that some subjects did not see the illusion
simultaneously may be explained by thinking of the mo-
tion detector system as thousands of independent Reic-
hardts units. As van Santen & Sperling proposed, the
human visual system may operate by large populations
of Reichardts detectors, each one with a reduced detec-
tion ﬁeld (van Santen & Sperling, 1985). This may allow
several discrete samples even in the same visual hemi-
ﬁeld, which may not be synchronous among them. In
other words, each rotating drum could be sampled inde-
pendently by diﬀerent subpopulations of detectors.
Thus, the global scene is not uniformly discrete (as it
would be in the cinematography analogy) due to the
asynchrony of these diﬀerent subpopulations. In agree-
ment with this interpretation, VanRullen et al. (2005)
proposed a model of object-based or attention-based
discrete sampling more than a entire visual ﬁeld sam-
pling. These authors determined that IMR appeared
only in conditions of focused attention, and proposed
an attention-dependent, motion-energy model to ac-
count for this phenomenon. This might also explain
Kline et al.s ﬁnding that some subjects saw simulta-
neous reversals more than expected by chance. Cooper-
ativity between populations of detectors might be
facilitated in instances in which the subjects pay atten-
tion to both drums at the same time. Furthermore, Van-Rullen et al.s (2005) model is consistent with Kline
et al.s observation that the amount of viewing time be-
fore the illusion was ﬁrst seen was quite variable from
subject to subject, which may suggest the involvement
of attentional mechanisms. As mentioned, the possibili-
ty of object-directed sampling was brieﬂy considered by
Kline et al., but subsequently they claimed that their
ﬁnding ‘‘leaves discrete sampling theories dubious’’ (p.
2657).
Summarizing, Kline et al. (2004) succeed in provid-
ing evidence against the cinematographic analogy,
which fails because visual sampling seems to be inde-
pendent for diﬀerent zones of the visual ﬁeld, and high-
ly dependent on attentional mechanisms (VanRullen
et al., 2005). Furthermore, they have made the ﬁne
observation of a gamma distribution in the WWI phe-
nomenon, which supports the possibility of rivalry be-
tween forward- and backward-directed motion
detectors. However, in our view the data presented
by them are not conclusive about the role of rivalry
and do not strictly reject discrete perceptual sampling,
mainly because: (a) not all subjects were seen to ﬁt the
gamma distribution, and (b) the proposed model is
based on discrete motion perception models (such as
Reichardt detectors). Nevertheless, in these models dis-
creteness is supposed to operate at a peripheral level,
while recent arguments for discrete perception have
been based on cortical oscillations (Llina´s, 2001), ini-
tially related to the a band (Varela, Toro, John, & Sch-
wartz, 1981).References
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